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Summary of Parts I and II
1. Beef from two-year-old and yearling steers is more desir­
able than beef from calves both in the feeder and finished stages.
2. Finished cattle show higher dressing and cutting yields 
than unfinished cattle.
3. The age'of the animal has little influence on the percen­
tages of the various cuts of beef. .
4. Beef from young animals is lighter in color than that from 
older animals.
5. The distribution of fat thru the lean was more, satisfactory 
in the yearling and two-year-old beef than in beef from the 
calves.
6. Beef from older animals will ripen more satisfactorily than 
beef from calves.
7. The nature and extent of the cooking losses are directly 
influenced by ‘the total surface area of the roast and the fat com­
position of the meat.
8. The roasts with a high fat content have a greater total 
cooking loss and also a higher dripping loss than the lean roasts.
9. The roasts from the two-year-old and yearling steers were 
more palatable than the roasts from the calves.
2
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Influence of the Anim al’s A ge Upon the 
Quality and Palatability of Beef*
PART I. CARCASS YIELDS AND QUALITY OF MEAT CUTS
B y  M. D. H elser**
The problems involved in studying the relative quality and 
palatability of beef produced by calves, yearlings and two-year- 
old steers are many. How do they compare in dressing percen­
tage ? How does age influence the yield of internal parts ? What 
are the relative cutting percentages of animals of different ages ? 
What influence does age have on tenderness? Which age will 
furnish the most satisfactory beef for ripening or aging? Is 
there any relationship between color and palatability of beef?
This research will shed some light on the above questions as 
well as on other important problems.
Objects of the Experiment
1. To compare the quality and desirability of beef from 
steers of different ages, calves, yearlings and two-year-olds.
2. To note differences in the dressing and cutting yields be­
tween cattle in low condition and cattle in high condition.
3. To study the influence of age on the dressing and cutting 
yields.
4. To note the influence of age of animal on the color of beef
produced. . ■
5. To compare the relative tenderness of the back muscle 
(longissimus dorsi or “ eye of beef” ) from animals of different 
ages.
w~.The Production phases of this project are. reported in Bulletin No. 271, “ Relative 
Etticiency of Calves, Yearlings and Two-Year-Old Steers for the Producer.”
„ . / o e  research work reported in this bulletin is a contribution from the Iowa Agri­
cultural Experiment Station on the national cooperative project, “ A Study of the 
f " ° ' s Which Influence the Quality and Palatability of Meat.”  This bulletin has 
special reference to the influence of age on the quality and palatability of beef. All 
pnases of this project have been conducted, insofar as possible, in accordance with 
me recommondations (September, 1924—revised February, 1928) o f the national com- 
Sta+ v>The cooperative agencies are: National Livestock and Meat Board, United 
of Agriculture and the state agricultural experiment stations.
, .Wlt”  the assistance of C. F. Bassett, J. W. G. McEwan and H. C. Hostetter, leaching fellows.
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6. To compare the percentages of visible lean, fat and bone 
in the prime rib roasts from calves, yearlings and two-year-olds.
7. To study the influence of age on ripening qualities of beef 
in the cooler.
I Methods of Experimentation 
Animals Used— Steers
All of the steers used in this experiment were fed by the Ani­
mal Husbandry Section. Representative animals were selected 
and slaughtered at the beginning, and close of each of, the, three 
feeding periods. The three ' lots were fed alike. The calves were 
approximately 8 months old, the yearlings approximately 20 
months old and the two-year-olds approximately 32 months old 
at the beginning of the feeding period. At the start of each feed­
ing period representative feeder^ from each lot were selected, 
photographed, slaughtered and the beef tested for qualify and 
palatabilitÿ. The steers were graded as choice feeders, or as com­
mon to medium steers for slaughtering. The carcasses from 
these unfinished steers were very, similar to those found in the 
average small market place.
At the close of the five months feeding period representative 
fat.steers were selected and tested similarly to thé plan employed 
on the unfinished steers. The. fattened steers were graded as 
choice beef steers. Carcasses like those from the fattened steers 
would be found only in meat markets catering to first class hotel 
or dining car trade.
The remainder of the^ersrin  the lots were ^ hipped to Chicago 
where slaughter data were collected. Thèse data are reported in 
Experiment Station Bulletin No, 271, “ The Relative Efficiency 
of Calves, Yearlings and Two-Tear-Olds for the Producer.”
Slaughter Tests
c m .--m, f | V . j  I
-  All. of the cattle used, in this.; experiment, received comparable 
treatment before slaughtering. After the final weight was taken I 
at the feeding yards, the steers- were kept without feed for 24 
hours, being weighed again just before slaughtering ; this weight 
then was used in all carcass and meat cut calculations. Detailed 
data were recorded on the 18 home-dressed steers.
Cooling and Cutting Tests
Warm weights o f the carcasses were taken, after which they 
were allowed to hang in the cooler for five days. The sides 
were then reweighed, and the right side was cut and tested 
according to directions prepared by the national committee.
After being photographed, the right side was quartered atid 
color readings of the. “  éye of the- b e e f w e r e  made immedi­
ately after cutting. The color chart prepared by the national
4
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Fig. 1. Beef from a representative feeder calf, yearling and two-year-old steer 
used in this experiment.
committee was used thruout. Color readings were also made 30 
minutes after cutting. The quarters were then divided into 
regular wholesale cuts. Photographs were made of the prime 
rib cuts.
The twelfth rib was then cut from the prime r ib ; samples of 
the “ eye of beef”  were tested for tenderness with the regu­
lar meat testing dynamometer.
The loin end of the prime ribs, including tbe ninth, tenth 
and eleventh ribs, was cut off and weighed; tiacings on parch­
ment paper were made to study the relative proportions of 
lean, fat and bone. A planimeter was used to determine the 
areas of lean, fat and bone; the surfaces between the fifth 
and sixth ribs, the eighth and ninth ribs, and the eleventh and 
twelfth ribs were traced. The averages of these three surfaces 
gave data for the determination of the approximate propor-
5
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tion of lean, fat and bone. This cut was then transferred to 
the Home Economics Section for roasting and further study.
The left half of the beef carcass and the blade end of the 
prime rib of the right side were held in the cooler at 34° to 
38° F. for 21 days. The left side was then weighed, cut and 
tested in a manner similar to that used on the right side. The 
corresponding ribs were weighed and transferred to the Home 
Economics Section for roasting.
At the end of 40 days the blade end of the right side was 
weighed, trimmed and prepared for roasting. The blade end 
from the left side was allowed to ripen 60 days, after which 
the bones were removed and all mold trimmed off.
The weights and percentages of the visceral parts conform 
very closely to those reported by the Iowa Station1 in 1905; 
the Illinois Station2 in 1912 and the Missouri Station3 in 1919 
and 1925.
The figures for the cuts given-in table I are based on the 
live and not the carcass weight, inasmuch as the percentages 
of cuts to carcass weights are somewhat misleading. By using 
carcass weights as a basis the dressing percentage is not tak­
en into consideration, and sometimes a poor quality carcass 
will cut almost as high in percentage of cuts as a good car­
cass. For example, the calf loins increased 9.4 percent in 
weight from the feeder to the fattening stage, using the car­
cass as a basis, and 33.49 percent in weight, using the live 
weight as the basis.
The dressing percentage increased slightly more in the 
calves than it did in the yearlings and two-year-olds. The 
average dressing percentage of the two-year-olds was the low­
est. The percentages of rounds to live weight did not vary a 
great deal between the unfinished and fattened steers. The
1Kennedy, W. J. Dinsmore, Wayne, Rutherford, W, J., and Smith, W. W., “ Experi­
ment in Beef Production”  Bui. Iowa Agr. Exp. Sta. 81. 1905.
2Hall, I». D., and Emmett, A. D. “ Relative Economy, Composition and Nutritive 
Value of the Various Cuts of Beef”  Bui. 111. Agr. Exp. Sta. 158. 1912.
8Trowbridge, P. F., Moulton, C. R-, and Haigh, L. D. “ Composition o f the Beef 
Animal and Energy Cost of Fattening”  Res. Bui., Mo. Exp. Sta. 30. 1919.
sEdinger, A. T. “ The Physical Composition’  of a Leap, a Half Fat, and a Fat Beef 
Carcass, and the Relative Cost o f the Nutrients Contained in Each”  Res. Bui. Mo. 
Exp. Sta. 83. 1925.
TABLE I. PROPORTION OF “ VALUABLE”  CUTS TO LIVE WEIGHT 
(Average, percentage basis)
Calves
feeders
Calves
fattened
Year­
lings
feeders
Year­
lings
fattened
Two-year
old
feeders
Two-year
olds
fattened
Live wt. shrunk 355.50 923.67 603.67 1034.27 806.67 1187.50
Av. cold dressed wt. 186.33 590.17 330.33 657.33 448.50 740.33
Av. dressing percentage 52.41 63.89 54.72 63.56 55.60 62.34
Av. percentage of round to live wt. 14.66 13.68 15.27 14.11 14.87 13.98
Av. percentage of loin to live wt. 8.36 11.16 8.61 11.14 8.75 10.23
Av. percentage of rib to live wt. 4.31 5.87 4.69 6.11 4.68 5.96
6
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unfinished steers had a slightly higher percentage of round 
than the fattened steers.
The percentage of increase in the loins and ribs was very 
similar in the different ages.
Table I is presented to show that the differences, due to age, 
other factors being equal, in the percentages of the various 
cuts are not significant.
The color chart used in making the readings was devised by 
the Bureau of Animal Industry in cooperation with various 
agricultural experiment stations. Many readings were made 
of differently colored beef. The color A l, was established for 
the lightest colored beef and A10 for the darkest colored. Ten 
color cards were then prepared under the direction of the 
Bureau of Animal Industry. While it is not always possible 
to match beef with one of the color cards, it is possible by 
matching the beef with the two nearest cards, to approximate 
the designated color. Thus, if the color of the beef lies between
useJ f j  .2/ .  Baef f rom a representative feeder calf, yearling and two-year-old steer eQ in this experiment-
7
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TABLE II. COLOR READINGS OF RIB CUTS
Calves
feeders
Calves
fattened
Year­
lings
feeders
Year­
lings
fattened
Two-year
old
feeders
Two-year
olds
fattened
Av. color chart reading immedi­
ately after cutting. A5 A4 A7 A7 A8 A8
Av. color chart reading 30 minutes 
after cutting. A4 A3 A6 A6 A7 A7
A7 and A8, the nearest shade can be approximated. The color 
determination was made thrnont on the “ eye of beef”  (long- 
issimus dorsi), located between the twelfth and thirteenth 
ribs.
The beef from the animals of different ages will always 
change to a little brighter shade of red after cutting, hence 
an interval of 30 minutes was allowed to elapse before mak­
ing the second reading. The change in color during the 30 
minute interval was quite similar in practically all instances.
The beef, both from the feeder and fattened calves averaged 
much lighter in color than the corresponding beef of yearlings. 
The yearlings averaged one shade lighter red than the two- 
year-olds. The average shade of red, 30 minutes after cutting, 
was one shade lighter in all three ages. The comparable samples 
tested did not show the same differentiation in color change, 
but the variations were not marked, hence the averages as giv­
en are typical.
The color or shade of red found in the samples tested indi­
cates that beef from calves, both unfinished and fattened, is 
lighter in color than that from older cattle. None of the beef 
was too dark in color. In some cases with the calves, however, 
the beef was so light in color that it looked almost like veal. 
See table II.
Testing for Tenderness
Three samples were taken from the large muscle (longissi- 
mus dorsi) over the twelfth rib. The samples were tested on 
the date cut. The average pounds of pull required for the three 
samples was taken as the reading for that sample.
The samples were taken with a steel cylinder, one inch in 
diameter and sharp at one end. This cylinder cuts the sample 
when it is twisted or turned down thru the muscle. A longi­
tudinal sample with very few fibers cut crosswise is obtained 
in this way..
The dynamometer tenderness testing apparatus was de­
signed by the Bureau of Animal Industry in cooperation with 
various agricultural experiment stations. It consists of a box 
arrangement, made in such a way that a steel plate or blade 
is drawn thru the box which shears or tears the muscle. The
8
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Fig. 3. Beef from a representative feeder calf, yearling 
used in this experiment. On feed 150 days.
and two-year-old steer
steel plate has a hole thru the center into which the sample of 
beef is inserted. The blade.is drawn thru the box by means 
of a threaded shaft with a crank on the end. This crank is 
turned about 120 revolutions per minute. The dynamometer is 
equipped with a dead hand so that the maximum pull may be 
ascertained.
This apparatus had not reached its present design in time 
to test any except the last 12 roasts in this experiment. In each 
case, however, the samples from the calves required more 
pounds to shear the meat than did the beef from the older 
animals. An explanation that seems logical for this is that the 
lean meat from the older steers had more intra-muscular fat; 
it showed better marbling and, consequently, a lesser number 
of muscle fibers. The resistance of the fat would not be so 
great as that of the muscle fibers. When more tests using the 
method outlined are available, we shall be better able to de­
termine their significance.
The percentages of lean, fat and bone areas in the prime
9
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rib cuts are very good indications of the various proportions 
in the rest of the carcass.
Differences between the percentages in the check animals 
killed at the beginning of the feeding period and those of the 
fattened steers killed at the close are very marked. In the 
calves the proportionate fat increase in the prime rib during 
the feeding averaged about 374.89 percent, while the year­
lings averaged 205.10 percent and the two-year-olds about 216.54 
percent.
The percentage of lean to fat is higher in the yearlings than 
in either the calves or two-year-olds. In the percentage of bone 
they rank as follows: Yearlings first, two-year-olds second 
and calves third. The calves showed a very high percentage of 
lean area at the beginning of the feeding period.
The proportion of lean to fat in all of the finished steers 
was very uniform. Any differences noted in shrinkage or pala- 
tibility were not due to differences in fat content.
Pig. 4. Beef from a representative calf, yearling and two-year-old steer used in 
this experiment. On feed 150 days.
10
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The distribution of fat thru the lean was more satisfactory 
in the yearlings and two-year-olds than in the calves. The fin­
ished calves seemed to have a higher proportion of inter­
muscular fat than the older steers, and the “ eye of beef”  was 
not so well marbled.
Note that about one-half of the finished roasts are lean and 
the other half fat and bone. A  complete physical analysis 
would no doubt show a higher percentage of bone and prob­
ably a little less leap.
PART II— THE ROAST BEEF, PREPARATION, QUALITY 
AND PALATABILITY  
B y  P. M ab e l  N elso n , B elle  L ow e  a n d  M . D. H elseb
This experiment was undertaken to determine the effect of 
certain factors upon the quality and palatability of beef roasts. 
The particular factor under consideration was the effect of 
the age of the animal upon the palatability of the meat. In ad­
dition some information was obtained upon the influence of 
the time of aging or ripening of meat during storage upon 
palatability, and also some comparison of roasts from feeder 
and fattened carcasses was made.
Exerimental Procedure
In cooking the roasts in this investigation, the method of 
cooking and the temperatures used were kept constant. A  uni­
form method of cooking was necessary in order that the var­
ious factors, other than cooking, that effect the palatability 
and quality of the roasts might be determined. The procedure 
suggested by the Sub-Committee on Cooking of the national 
project was followed when possible. The preliminary report 
of this committee was formulated in November, 1925. At this 
time it was suggested that the roasts be cooked to an interior 
temperature of 71°C (159.8°F). The directions for oven roast­
ing of beef were revised in October, 1926. At this time the 
committee voted in favor of using 57°C. (134.6°F.) as the in­
terior temperature to which the roasts should be cooked.
Ovens
A bank of four individual ovens was used for cooking the 
roasts. The ovens have glass doors and each is equipped with 
a Lorain temperature control.
Pans
Ordinary, open, black sheet iron pans, about 2y2 inches in 
depth, were used for roasting. A variety of sizes were kept in
11
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TABLE III. TENDERNESS TEST WITH FRESH BEEF
Calves Yearlings Tvro-year-cIds
Feed­
ers
Fatten­
ed
Per­
centage 
decrease 
in lbs. 
requir­
ed to 
shear 
meat
Feed­
ers
Fatten­
ed
Per­
centage 
decrease 
in lbs. 
requir­
ed to 
shear 
• meat
Feed­
ers
Fatten­
ed
Per­
centage 
decrease 
in lbs 
requir­
ed to 
shear 
meat
Pounds pull re­
quired to shear 
the meat. 39.50 32.37 18.05 35.41 24.75 30.10 36.78 28.62 22.19
stock, and for each roast a size was selected which permitted 
about three inches in space between the edges of the roast atid 
the sides of the pan. The pan was weighed before the roast was 
placed in it.
Preparation and Cooking of the Roast
The meat was wiped with a damp cloth. It was weighed and 
a thermometer inserted in an upright position so that the bulb 
of the thermometer approximately reached the center of the 
“ eye of beef.”  The thermometers used were of right angle 
shape with the temperature scale on the horizontal arm. The 
roast was placed in the roasting pan with the chinebone and 
rib ends in contact with the pan and the “ eye of beef’’ at the 
top. Roasts ripened 40 and 60 days were cooked on racks to keep 
them out of the-drippings, for the growth of mold during stor­
age necessitated removal of the chinebone and, in some cases, 
the rib bones also. The pan containing the roast was placed in 
the oven with the rib ends to the back of the oven.
The oven was preheated to 275°C. (527°F.). The oven tem­
perature was verified in all cases with a chemical thermometer 
placed in the oven. The roasts were seared for 20 minutes, and 
the oven temperature was recorded every two minutes during 
the searing period. The temperature of the oven usually drop­
ped to between 230 C. (446 F.) and 240°C. (464°F.) when the 
roast was placed in the oven, but usually the temperature 
eame back to 275 C. (527 F.) before the end of the searing 
period. In these experiments the same oven was used to sear
TABLE IV. PERCENTAGE OF VISIBLE LEAN, FAT AND BONE 
IN THE PRIME BllB CUTS 
(Average, percentage basis)
Calves
feeders
Calves
fattened
Yearlings
feeders
Yearlings
fattened
Two-year-
old
feeders
Two-year-
olds
fattened
Av. percentage of lean 
Av. percentage of fat 
Av. percentage of bone
73.16
9.40
17.44
56.92
35.24
7.84
69.23
19.18
11.59
, 52.48 
39.34 
8.18
72.97
15.96
11.07
57.12
34.56
8.32
12
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all of the roasts. At the end of the searing period the roast was 
removed to a second oven, which had been heated to 125°C. 
(257°F.). The interior temperature of the roast and the oven 
temperature were recorded every 10 minutes.
The cooking was continued at 125°C. until the inner tem­
perature of the meat reached 57°C. (134.6°F.). The roast was 
then removed from the oven and the pan and roast weighed. 
The roast was removed to a weighed platter and the pan and 
drippings weighed. The roast was allowed to stand on the 
platter. During this period the interior temperatures of the 
roast rose, often reaching a temperature of 63°C. (145.4°F.) or
cassei’usp'fi .ReP;?sentatiYe Prime rib cuts from calf, yearling and two-year-old car- used m this experiment.
When the maximum inner temperature was reached, 
w ich was regarded as the time when the thermometer reading 
started to fall or when it had remained stationary for five 
minutes, the roast was reweighed. The weight of the drippings 
collected after the roastr was out of the oven was also determ- 
med The roast was then carved and scored for palatability. 
the total cooking loss recorded in the tables includes the vola- 
. and the dripping losses in the oven, and also the volatile and 
gripping losses that occurred during the period after the roast 
was removed from the oven and until the maximum interior tem­
perature was reached.
In tables V  to X I are arranged the weights of the roasts be- 
and after cooking, their losses during cooking and the 
ime per pound for cooking, grouped according to the classes 
0r grades of animals studied.
13
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Discussion of Results
Cooking Losses
The cooking losses are divided into volatile and dripping 
losses. The volatile loss includes the loss while in the oven and 
that occurring after removal from the oven during the period 
of standing until the maximum interior temperature was reach­
ed. The major portion of the volatile loss is due to loss of water, 
but it includes other substances. In some of the ripened roasts 
from finished animals some smoke fumes were given off dur­
ing the searing of the roasts. This smoking during searing was 
greater in the roasts ripened 60 days than in those ripened 40 
days. It did not occur with roasts ripened 30 days or less. Evi­
dently the longer ripening produced changes in the fat that 
caused it to decompose more readily with heat. The smoking 
did not occur at the lower temperature and the fumes seemed
Fig. 6. Representative pr’.me rib cuts from calf, yearling and two-year-old car­
casses used in this experiment. On feed 150 days.
to come from the drippings. Due to the large size,of the pans 
used, the drippings formed a very thin layer in the pan, which 
facilitated their decomposition by the heat.
The nature and extent of the cooking losses are directly in­
fluenced by the composition of the meat. The roasts from the 
finished animals contained very large quantities of fat, while the 
roasts from the feeders contained very little and sometimes 
scarcely any visible fat. The muscle tissues of younger animals 
contained a higher percentage of moisture than those from 
more mature animals. The average volatile cooking losses for
14
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TABLE V COOKING DATA FEEDER CALVES
Number
animal
Num­
ber of 
roast
Days
“ ag’d ”
Ribs
used
for
roast
wt.
coo
>efore
ring
Wt.
after
cook­
ing
grams
Cookinglosses
Min- 
per lb 
for 
cook­
ing
Vola,-
tile
per­
cent­
age
Drip­
pings
per­
cent­
age
To ;al
Lbs. Grams
Grams
Per­
cent­
age
1* 1 9-11 1.74 792 705 87 11.0 37.4
10 1 11 9-11 3.07 1397 1270 8.6 0.5 127 9.1 22.32 21 9-11 2.81 1279 1139 8.9 1.1 140 11.0 18.717 1 10 9-11 2.19 995 870 12.2 0.4 125 12.6 26.02 29 9-11 2.25 1020 843 17.2 0.2 177 17.4 31.5
Av. 2.58 1173 1030 11.7 0.5 142 12.5 24.6
vi<wi?e from animal (1) is not included in the averages as the interior of the roast was 
71 u. when removed from the oven.
the feeder calves, yearlings and two-year-olds were 11.9, 9.7 
and 9.4 percent, respectively. The higher volatile losses with 
the roasts from the calves indicate that the water content of 
the muscle regulates in part the cooking shrinkage. In the 
roasts from the fattened animals the volatile losses for the 
calves, yearlings and two-year-olds were 6.5, 7.6 and 8.5 percent, 
respectively. The roasts from the fattened animals had a layer 
of fat, except for the cut surface of the meat, which would 
tend to prevent volatile water losses. The. total area of the cut 
surfaces was larger for the roasts from the two-year-olds than 
the cut surfaces of the roasts from the calves from both feeder 
and fattened animals.
A study of the total volatile losses of the roasts indicates 
that the decomposition of the fat of the ripened roasts is not 
the only factor influencing the higher total volatile losses of the 
roasts from the more mature fattened animals. It is rather in-
TABLE VI. COOKING DATA, FATTENED CALVES
Number
animal
Num­
ber of 
roast
Days
“ ag’d ”
Ribs
used
for
roast
Wt.
after
cook­
ing
grams
Cookin % losses
Min- 
per lb.
for
cook­
ing
coo ring Vola­
tile
per­
cent­
age
Drip­
pings
per­
cent­
age
' To ;al
Lbs. Grams
Grams
Per­
cent­
age
6 1 10 9-11 11.95 5420 4716 5.8 7.2 704 13.0 20.4 I2 21 9-11 9.57 4342 3789 5.8 6.9 553 12.7 19.4 |
3 39 6-8 8.80 3995 3436 7.4 6.5 559 14.0 19.34 59 6-8 9.38 4258 3637 7.4 7.2 621 14.6 20.214 1 9 9-11 11.58 5254 4549 6.6 5.9 660 12.6 20.72 21 9-11 13.07 5930 5230 4.0 7.8 700 11.8 18.9
3 41 6-8 9.69 4397 3861 6.6 5.5 536 12.1 19.14 60 6-8 9.51 4314 3805 5.7 6.1 509 11.8 19.420 1 10 9-11 7.82 3549 3095 7.5 5.3 454 12.8 21.62 19 9-11 7.40 3357 2954 6.9 5.1 403 12.0 22.2
3 40 6-8 5.61 2549 2271 6.7 4.2 278 10.9 19.64 61 6-8 4.35 1977 1699 8.3 5.8 278 14.1 25.1
Average 9.06 4111 3586 6.5 6.1 521 12.7 20.5
15
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TABLE VII. COOKING DATA, FEEDER YEARLINGS
Number
animal
Num­
ber of 
roast
Days
“ ag’d ”
Ribs
used
for
roast
Wt.
after
cook­
ing
grams
Cookinglosses
Min- 
per lb.
for
cook­
ing
coo sing Vola­
tile
per­
cent­
age
Drip­
pings
per­
cent­
age
To tal
Lbs. Grams Grams Per­
cent­
age
2* 1 9-11 3.93 1784 1542 243 13.6 43.0
9 1 11 9-11 4.43 2012 1791 10.4 0.6 221 11.0 21.4
2 21 9-11 4.18 1899 1672 11.2 0.8 227 12.0 22.0
16 1 10 9-11 6.29 2400 2149 7.8 2.7 251 10.5 19.3
2 29 9-11 4.59 2081 1826 9.4 2.8 255 12.2 23.0
Average 4.62 2098 1860 9.7 1.7 239 11.4 21.4
*The roast from animal (2) is not included in the averages as the interior temperature of the 
roast was 71° C. when removed from the oven.
teresting to note that one of the authors1 observed the same 
results in roasting poultry. Hens and capons which were well 
fed showed a higher volatile and a higher dripping loss than 
young roasters. The volatile loss comprises the greater portion 
of the total loss in the roasts from feeder animals, but only 
about one-half of the total loss for the roasts from the fattened 
animals.
The average total cooking losses for the roasts from feeders 
were 12.5, 11.4 and 10.6 percent for the calves, yearlings and 
two-year-olds, respectively. The average total cooking losses 
for the roasts from fattened animals were 12.7, 13.5 and 15.4 per­
cent for calves, yearlings and two-year-olds, respectively. The 
roasts with a high fat content had a greater total cooking 
loss and also a higher dripping loss than the lean roasts. In 
all of these experiments the greater portion of the drippings 
was fat.
In addition to the composition of the meat, other factors that 
will affect the shrinkage during cooking are: The cooking tem-
TABLE VIII. COOKING DATA, FATTENED YEARLINGS
Number
animal.
Num­
ber of 
roast
Days
“ ag’d ’’
Ribs
used
for
rpast
Wt.
aftèr
cook­
ing
grams
Cookin g losses
Min- 
per lb.
for
cook­
ing
coo dng Vola­
tile
per­
cent­
age
Drip­
pings
per­
cent­
age
Tc tal
Lbs. Grams Grams Per­
cent­
age
5 1 21 9-11 9.14 4150 3399 8.4 9.7 751 18.1 24.0
12 1 10 9-11 10.22 4638 ' 4117 7.0 4.3 521 11.2 16.8
2 20 9-11 10.12 4593 ' 4044 7.3 4.7 549 12.0 18.3
3 40 6-8 7.41 3361 2976 7.7 3.7 385 11.4 20.2
4 - 60 6-8 6.32 2866 2477 8.5 5.0 289 13.6 21.0
19 1 10 9-11 11.66 5289 4471 7.6 7.8 818 15.5 19.8
2 19 9-11 12.54 5691 4899 7.6 6.3 792 13.9 19.1
3 40 6-8 10.85 4926 4313 7.3 5.1 613 12.4 16.4
4 61 6-8 7.86 3566 3074 7.3 6.4 492 13.8 21.0
Average 9.57 4342 3752 7.6 5.9 567 13.5 19.6
lLowe B. and Vernon, W. M. “ Poultry for the Table as Influenced by Market 
Class and Grade,”  Poultry Science 6 :51, 1926.
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TABLE IX. COOKING DATA, FEEDER TWO-YEAR-OLDS
Ribs
used
for
roast
Wt.
after
cook­
ing
grams
Cookin ; losses
Min- 
per lb.
for
cook­
ing
Number
animal
Num­
ber of 
roast'
Days
“ ag’d ”
coo ring Vola­
tile
per­
cent­
age
Drip­
pings
per­
cent­
age
Total
Lbs. Grams Grams Per­
cent­
age
3* 1 9-11 4.72 2145 1835 310 14.5 46.0
8 1 11 9-11 6.42 2914 2648 8.3 0.8 266 9.1 18.9
2 21 9-11 5.56 2525 2260 9.3 1.2 265 10.5 18.8
15 1 10 9-11 6.30 2858 2550 9.3 1.4 308 10.8 21.4
2 29 9-11 6.87 3118 2745 10.6 1.4 373 12.0 25.1
Average 6.29 2854 2551 9.4 1.2 303 10.6 21.0
*The roast from animal (3) is not included in the averages as the interior temperature of the 
roast was 71° C. when removed from the oven.
perature used; the degree to which the meat is cooked, i. e., 
whether cooked rare or well done, and the total surface 
area of the roast. In these experiments the cooking temperature 
and the temperature to which the interior of the roast was 
cooked were kept constant. The total surface area and the 
composition of the meat, therefore, probably were the two 
factors having the greatest influence upon the cooking losses.
Cooking Time
Cooking time per pound depends upon the cooking tempera­
ture, the degree to which the meat is cooked, the distance that 
the heat must penetrate to the center of the roast and probably 
the composition of the meat. The higher the cooking tempera­
ture, the shorter the time required for the interior temperature 
of a piece of meat to reach a definite temperature. More time 
is required for a roast cooked well done than for one cooked 
rare if all other conditions are standardized. Lean muscle tis-
TABLE X. COOKING DATA. FATTENED TWO-YEAR-OLDS
Number
animal
Num­
ber of 
roast
Days
“ ag’d ”
Ribs
used
for
roast
Wt.
after
cook­
ing
grams
Cookin l  losses
Min- 
per lb.
for
cook­
ing
cool àng Vola­
tile
per­
cent­
age
Drip­
pings
per­
cent­
age
Total
Lbs. Grams Grams Pér-
cent-
age
4 1 7 9-11 9.92 4502 3715 8.9 8.6 787 17.5 16.8
2 21 6-8 11.53 5231 4294 10.7 7.2 987 17.9 19.3
3 41 9-11 9.05 4107 3402 8.9 8.2 705 17.1 20.0
4 59 6-8 11.26 5113 4107 13.0 6.6 1006 19.6 18.6
11 1 10 9-11 15.02 6817 5720 8.4 7.7 1097 16.1 16.0
2 20 9-11 14.92 6761 5855 7.1 6.3 906 13.4 17.0
3 40 6-8 11.52 5225 4547 7.8 5.2 678 13.0 18.7
4 60 6-8 8.87 4025 3435 8.5 6.2 590 14.7 19.6
18 1 10 9-11 15.14 6566 5465 7.8 9.0 1101 16.8 16.6
2 19 9-11 12.94 5870 4961 7.8 7.6 909 15.5 20.1
3 40 6-8 11.89 5396 4852 5.8 4.3 544 10.1 16.3
4 61 6-8 8.85 4016 3451 7.5 6.6 565 14.1 21.4
Average ir.68 5302 4483 8.5 6.9 818 15.4 18.3
17
Helser et al.: Influence of the animal's age upon the quality and palatability o
Published by Iowa State University Digital Repository, 1929
318
TABLE XI. COOKING DATA, SUMMARY OF COOKING DATA
Calves Yearlings Two-year-olds
Feeders Fattened Feeders Fattened Feeders Fattened
Av. wt. roast before cooking, grams 
Av. wt. roast after cooking, grams 
Av. cooking losses volatile, percent­
age
Drippings, percentage 
Total, grams 
Percentage
1173
1030
11.9
0.5
142
12.5
4111
3586
6.5
6.1
521
12.7
2098
1860
9.7
1.7 
239
11.4
4342
3752
7.6
5.9
567
13.5
2854
2551,
9.4
1.2
303
10.6
5302
4483
8.5
6.9
818
15,4
Av. time of cooking per pound, min. 24.6 20.5 21.4 19.6 21.0 18.3
sue and fat tissue may not conduct heat at the same rate, and 
it is possible that the order may change at different tempera­
tures, i.e., fat may conduct heat more slowly than lean at a 
low temperature, but the reverse may be true for higher tem­
peratures. The time required for cooking a roast to a definite 
inner temperature will also depend upon the distance the heat 
must traverse to reach the interior of the meat. Obviously this 
distance will vary with roasts of different sizes and of differ­
ent shapes.
From a first glance at the tables one might conclude that 
fat roasts cooked more quickly than those containing little fat, 
for in each case the roasts from the fattened animals require 
less time per pound for cooking than the roasts from the feed­
ers. The roasts from the older animals were larger than the 
roasts from the calves. The larger the piece of meat the longer 
the total time of cooking, but the shorter the time per pound 
if all other conditions are standardized. In roasts cut the same 
shape the ratio of increase in weight to volume is greater than 
the ratio of increase in distance that the heat must travel to 
the center of the meat to volume. Perhaps this can be illustrat­
ed by saying that the diameter of a sphere does not increase 
in the same ratio as does the volume or weight. Thus, if  a 
sphere is enlarged so that it weighs 10 times its former weight, 
the diameter does not increase 10 times the original diameter, 
but less than 10, so that the distance the heat would penetrate 
is relatively shorter for the larger piece. Until some definite 
results have been obtained on the rate of heat penetration in 
lean and in fat tissue at different temperatures, the only con­
clusion that can be drawn from the data obtained in these ex­
periments are that the larger roasts of meat require a shorter 
cooking time per pound than the smaller roasts.
Scoring vor Palatabiiity
When taken to the laboratory for roasting and scoring the 
beef was identified by specific numbers, which had no con-
18
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m
Fig. 7. Taking sample for meat tenderness testing dynamometer.
nection with its previous history as far as the judges were 
concerned. There were 10 members on the scoring committee. 
Every roast was scored by at least five members of this com­
mittee. Each member of the committee worked independently. 
After the individual scores were recorded and the score cards 
signed, discussion was in order among the group, special em­
phasis being placed on the development of more accurate tech­
nic.
The ninth, tenth and eleventh ribs from both sides of the 
carcass were cooked and scored for palatability. The ribs from 
the right side were roasted fresh, after five to ten days, those 
from the left side after 20 to 30 days ripening. The tempera­
ture of the cooler during the period of ripening was maintain­
ed at 34° to 38°F. The scores for the roasts from both sides of 
the carcass were averaged for the percentages given in table 
XII.
In practically every case, the fattened animals scored high­
er than the unfinished ones. The fattening of the carcass has
19
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TABLE XII. THE SCORE PERCENTAGES FOR THE NINTH, TENTH AND ELEV­
ENTH RIB ROASTS FROM THE RIGHT AND LEFT SIDES OF THE BEEF 
CARCASSES WITH THE AVERAGE LIVE WEIGHT SHRUNK AND 
DRESSING PERCENTAGES OF THE ANIMALS
Calves
feeders
Calves
fattened
Yearlings
feeders
Yearlings
fattened
Two-year-
old
feeders
Two-year-
olds
fattened
liv e  wt. shrunk lbs. 355.50 923.67 603.67 1034.27 806.67 1187.50Dressing percentage 52.41 63.89 54.72 63.56 55.60 62.34
Aroma score 5.08 3.55 5.05 3.98 5.16 4.24Texture score 7.75 8.38 7.33 8.29 7.00 7.73Flavor, lean score 17.57 22.55 18.32 24.68 18.69 25.75Flavor, fat, score 5.82 3.65 5.40 4.12 5.14 4.23Tenderness score 17.83 21.99 19.20 21.89 17.58 21.60Juiciness quality score 11.13 11.37 11.57 11.92 12.44 13.11Juiciness quantity score 5.68 7.37 5.63 8.04 6.33 8.04
Total score 70.84 78.85 72.47 82.89 72.33 85.05
a decided influence upon the palatibility. In the aroma and 
flavor of the fat, however, the committee favored the roasts 
without much finish. The additional fat on the roast seemed 
to add a very pronounced fatty odor and flavor, which was 
not pleasing to the majority of the committee. The flavor of
Fig. 8. A representative roast from a fattened two-year-old steer. Note the type 
of oven, pan and thermometer.
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TABLE XIII. THE SCORE PERCENTAGES FOR THE SIXTH, SEVENTH AND 
EIGHT RIB ROASTS FROM THE RIGHT AND LEFT SIDES OF FATTENED 
CATTLE RIPENED 40 AND 60 DAYS, RESPECTIVELY, TOGETHER 
WITH THE AVERAGE LIVE WEIGHT SHRUNK AND 
DRESSING PERCENTAGES OF THE ANIMALS: t
Calves fattened Yearlings fattened Two-year-olds
fattened •
Live wt. shrunk lbs. 923.67 1034.27 1187.50.
Dressing percentage 63.89 63,56 62.34 i
Aroma score 3.83 3.81 3.98
Texture score 8.63 7.96 7.84
Flavor, lean score 23.37 23.30 ‘ 24.18
Flavor, fat score 3.90 | 3.66 3,90
Tenderness score 22.79 21.49 21.32
Juiciness quality score . 10 .,86 12.09 12,74
Juiciness quantity score 7.06 8.14 8.54
Total score 80.37 80.45 82.48
In these experiments, judging from the Bcoring, ripening improved1 the palatability of the 
roasts from the fattened calves more than jt did the roasts from the yearlings and the, two-year- 
olds. ' This is probably due to the fact that the fresh roasts from the finished calves were very 
mild in flavor. ;
the lean was much.more desirable when the additional fat was 
embedded within the muscle. In texture the roasts from the 
calves scored slightly higher than those from the yearlings or 
two-year-olds. The tendernesis was not . greatly influenced by 
age. The finer texture of the roasts from the calves made them 
seem more desirable even tho.the dynamometer did show that 
they were slightly tougher.
In juiciness the roasts from the two-year-olds were the most 
desirable and those from the calves the least desirable.
In total score, considering only the ninth, tenth and eleventh 
ribs, the two-year-olds had quite an advantage and the year­
lings ranked next.
Roasts from the fattened carcasses were ripened 40 and 60 
days. The sixth, seventh and eighth ribs from the right side of 
the carcass were ripened for 40 days, and the corresponding 
ribs from the opposite side were ripened for 60 days. Roasts
TABLE XIV. AVERAGE PALATABILITY SCORES OF THE 54 ROASTS
Calves
feeders
Calves
fattened
Yearlings
feeders
Y earlings 
fattened
Two-year- 
■ old 
feeders
Two-year-
olds
fattened
Live wt. shrunk lbs. 355.50 923.67 603.67 1034.27 806.67 1187.50
Dressing percentage 52.41 63.89 54.72 63.56 55.60 62.34
Aroma score 5.08 3.69 5 .0 5 3.89 5.16 4.11
Texture score 7.75 8.50 7.33 8.12 7.00 7.78
Flavor, lean score 17.57 22.93 18.32 23.99 18.69 24.96
Flavor, fat score 5.82 3.78 5.40 3.89 5.14 4.06
Tenderness score 17.83 22.39 19.20 21.69 17.58 21.46
Juioiness quality score 11.13 . 11.11 11.57 12.00 12.44 12.93
Juiciness quantity score 5.68 7.21 5.63 8.09 6.33 8.47
Total score 70.84 79.61 72.47 81.67 72.33 83.77
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from the unfinished carcasses were ripened not more than 20 
to 30 days. In one instance, however, the meat was held over 
longer and roasted, but a pronounced stale, rancid odor de­
veloped upon roasting. These roasts were not scored by the 
committee.
The results of the palatability scores are recorded in table 
XIII.
The data presented in table X IV  are averages for the 45 
roasts regardless of the length of time they were refrigerated 
before cooking.
# For the roasts ripened 40 days the fifth, sixth and seventh 
ribs from one side were used, and for those ripened 60 days 
the corresponding ribs from the other side of the animal were 
used. The high scores for the roasts from the fattened year­
lings and the fattened two-year-olds indicates that they were 
preferred to the roasts from the calves. They were also pre­
ferable to roasts from the same classes of animals before fat­
tening. While the flavor of the roasts from the calves was not 
undesirable, yet it was rather flat, insipid and tasteless when 
compared to that of the roasts from the older animals.
In order to produce beef for roasts having the most desir- t able beef flavor, steers should be at least 20 months old, and pre­
ferably 30.
22
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APPENDIX TABLE
Percentage Live Weight Shrunk
Class Live
wt.
Cold
dressed
wt.
Dress­
ing
percent
Rou nd* Lo n ? Flank Kidnc
su
3y & 
et
Rib Pia be Clnick Fore .shank
Wt. % Wt. % . Wt. % w t. .% Wt. % Wt. % Wt. % Wt. %
Calves Feeders
l-S-19 
10-S-1Ì8 
17-S-136 
Av. Wt.
363.00
354.00
349.50
355.50
192.00
192.00
175.00 
186.33
52.89
54.24
50.07
52.41
52.12 
53.75 
50.49
52.12
14.36
15.18
14.45
14.66
31.76
30.07
27.37
29.73
8.75
8.49
7.83
8.36
8.00
5.10
4.43
5.84
2.20
1.44
1.27
1.64
2.00
2.75
2.31
2.35
.55
.78
.66
.66
16.75 
15.50
13.75 
15.33
4.62
4.38
3.93
4.31
20.00
21.15
18.43
19.86
5.51
5.97
5.27
5.59
54.50
48.80
39.00
47.43
15.01 
13.79 
11.16 
14.75
11.00
11.90
11.00
11.30
3.03
3.36
3.15
3.18
Calves fattened
6-S-12 
14-S-88 
20-S-141 
Av. Wt.
988.00 
1061.00
722.00 
923.67
635.00
710.00
425.00 
590.17
64.32
66.92
58.86
63.89
135.47
153.40
93.00
127.29
13.71
14.46
12.88
13.78
105.50
130.17
73.50
103.06
10.68
12.27
10.18
11.16
34.05
26.60
17.56
26.07
3.45
2.51
2.43
2.82
28.45
28.04
10.37
22.29
2.88
2.64
1.44
2.41
56.50 
66.62
39.50 
54.21
5.72
6.28
5.47
5.87
91.12
96.61
54.87
80.87
9.22
9.11
7.60
8.75
148.05
159.47
98.00
135.17
14.98 
15.03 
13.*57 
14.63
27.10
27.75
18.75 
24.53
2.74
2.62
2.60
2.66
Yearling feeders
2-S-68 
9-S-134 
16-S-96 
Av. Wt.
641.00
575.00
595.00 
603.67
351.00
300.00
340.00 
330.33
54.76
52.17
57.14
54.72
102.50
85.40
89.07
92.32
15.99
14.85
14.97
15.29
54.00 
46.85
55.00 
51.95
8.42
8.15
9.24
8.61
11.00
8.30
10.62
9.97
1.72
1.44
1.78
1.65
3.00
3.08
5.50
3.86
.47
.54
.92
.64
30.50
26.15
28.25
28.30
4.76
4.55
4.75
4.69
39.38
32.12
39.25
35.25
6.14
5.59
6.60 
5.84
95.00
75.50
82.75
84.42
14.82
13.13
13.91
13.98
19.50
16.50 
17.94 
17.98
3.04
2.87
3.02
2.98
Yearlings fattened
5-S-86 
12-S-141 
19-S-22 
Av. Wt.
1116.00
970.80
1016.00
1034.27
726.00
598.00
648.00 
657.33
65.05
61.60
63.78
63.56
158.00
139.50
140.31
145.94
14.16
14.37
13.81
14.11
132.00 
101.75
112.00 
115.25
11.83
10.48
11.02
11.14
35.80
25.00
27.75
29.52
3.21
2.58
2.73
2.85
17.00
20.80
21.37
19.72
1.52
2.14
2.10
1.91
70.20
53.25
66.00
63.15
6.29
5.49
6.50 
6.11
106.20
78.72
94.68
93.20
9.52
8.11
9.32
9.01
172.60
142.50
142.50 
152.53
15.47
14.68
14.03
14.75
28.00
23.52
25.75
25.76
2.51
2.42
2.53
2.49
Two year-old feeders
3-S-8 817.00 452.00 55.32 116.25 14.23 73.50 9.00 17.88 2.19 4.38 .54 37.75 4.62 56.56 6.92 118.00 14.44 23.13 2.83
8-S-46 737.00 408.00 55.36 110.45 14.99 68.20 9.25 11.70 1.59 4.25 .58 36.90 5.01 45.40 6.16 108.00 14.65 18.50 2.51
15-S-87 • 866.00 485.50 56.06 133.25 15.39 70,00 8.08 18.25 2.11 5.50 .64 38.67 4.47 63.75 7.36 115.75 13.37 26.99 3.12
Av. Wt. 806.67 448.50 55.60 119.98 14.87 70.57 8.75 15.94 1.98 4.71 .58 37.77 4.68 55.24 6.85 113.92 14.12 22.87 2.84
Two-year-olds fattened
4-S-69 1272.00 764.00 60.06 178.00 13.99 121.56 9.56 44.75 3.52 16.19 1.27 68.75 5.40 106.20 8 35 177.671 13.97 28.38 2.23
ll-S -63 1156.50 742.00 64.16 166.63 14.41 119.00 10.29 28.75 2.49 22.05 1.91 75.00 6.49 96.73 8.36 191.70 16.58 24.37 2.11
18-S-25 1134.00 715.00 63.05 153.50 13.54 124.00 10.93 30.00 2.65 17.25 1.52 68.50 6.04 97.25 8.58 168.50 14.86 29.75 2.62
Av. Wt. 1187.50 740.33 62.34 166.04 13.98 121.52 10.23 34.50 2.91 18.50 1.56 70.75 5.96 100.06 8.43 179.291 15.10 27.50 2.32
*Rump and shank on round.
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